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ABSTRACT. 

PURPOSE: To accurately and nondestructively estimate the depth of pitting 
corrosion caused by local corrosion by installing a plurality of monitoring 
device to heat exchangers or pipelines and subjecting the current value of each 
monitoring device to an extremal statistic process. 

CONSTITUTION: Local monitors are respectively provided at the downstream 
joints 

1B-3B of liquid sump sections of sample tubes 1-3. The local monitors are 
respectively provided with sensor sections 1 a-3a and ammeters 1 c-3c. Then 
testing water contained in a testing water tank 10 is circulated through a 
pipeline 18, tube 1 , pipeline 20, tube 2, pipeline 22, tube 3, and pipeline 24 
by means of a pump 18A by adjusting the flowing speed of the testing water in 
the tubes 1-3 to prescribed values by means of a flow meter 18C. Thus anode 
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currents flowing to the lead wires 1 b-3b of the local corrosion monitors are 
measured with the ammeters 1c-3c. When estimated depths of pitting 
corrosion 

found from a model formula of pitting corrosion by using the measured anode 
current values are subjected to extremal statistics, the maximum depth of 
pitting corrosion can be estimated. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the pitting depth calculation method, and it relates a heat exchanger or the pitting 
(pervasion) depth by the localized corrosion of piping to the pitting depth calculation method computable with a sufficient 
precision by un-destroying especially, without stopping operation of the facility concerned and water flow. 
[0002] 

[Description of the Prior Art] Since the unexpected situations, such as a plant operation halt, may be produced when a localized 
corrosion advances in piping, a heat exchanger, etc. and the increase of the pitting depth and it result in penetration, the 
technology of presuming the depth of a localized corrosion, i.e., pitting, is searched for. 

[0003] Conventionally, a heat exchanger or the pitting depth of piping stopped operation of the facility concerned and water flow, 
sampled the part, and presumed it by measuring the pitting depth of a sample. 

[0004] However, by the above-mentioned conventional method, since it must destroy in order to stop operation of a facility and to 
sample the part, there is a fault of affecting operation of works. And there is also a fault that great time, an effort, and costs will 
start before a measurement result comes out. 

[0005] By solving such a fault and acting as the monitor of the speed of advance of a metaled localized corrosion the metal which 
touches a drainage system medium as a method of presuming the pitting depth - it being the method of acting as the monitor of 
the localized corrosion of a member, and with this drainage system medium and the reservoir which is open for free passage 
through a stoma It has the aforementioned metal member and the piece of a metal of this quality of the material which were 
prepared so that the liquid in this reservoir might be touched. A monitoring device with a larger area of the field which touches 
the liquid in the aforementioned reservoir of this piece of a metal than the effective- area product of the aforementioned stoma is 
used, measuring the current which this piece of a metal and the aforementioned metal member are contacted electrically, and 
flows among both -- a metal -- there is the method of carrying out the monitoring of the localized corrosion of a member 
(JP,2-310452,A) 

[0006] Below, the monitoring method of JP,2-3 10452, A is explained with reference to drawing 2 . 

[0007] usually, a metal ~ by formation of an oxygen concentration cell, the potential difference of a metaled dissolution portion 
(anode) and the portion (cathode) in which the oxygen reduction reaction of the circumference of it occurs serves as driving force, 
and the localized corrosion of a member advances 

[0008] by the method of JP,2-3 1 0452, A, it is shown in drawing 2 - as - the metal concerned -- the piece 3 2 of a metal of the 
same quality of the material as a member 30 is arranged inside a reservoir 34, and the state of a localized corrosion is made in 
simulation in a reservoir 34 and the metal used as a cathode the«eui*ent which flows when a member 30 and the piece 32 of a 
metal are electrically connected with lead wire 36 is measured with an ammeter 38, and the speed of advance, the pervasion 
depth, etc. of a localized corrosion are presumed from thexurrent value In addition, in drawing 2 , 40 is liquid junction and S is a 
corrosion product. 

[0009] this method -- as follows - a localized corrosion (pitting) -- an analog - it is originated based on the consideration to the 
advance model of the localized corrosion of progressing to a ** In this case, the amount A of localized corrosions in Time t is 
expressed like following the (1) formula. In addition, Vt is the volume inside the localized corrosion in Time t, and rho is metaled 
density. 
[0010] 

A=V(t)rho-(l) . 

By the way, according to Faraday's law, the amount B of corrosion inside a localized corrosion can be calculated from current 
value as follows. 
[0011] 
[Equation 1] 
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t 1 ( A t} x S (t) x M 

B = ( — - d t 

Jo n x F 

I (t) / A = i (t) t H < t 

= it j It) x S (t) xM d ... 

J 0 n x F 

[0012] Here, the sign is as follows. 
[0013] 

I (t): Current which is flowing to the piece of a metal trial in Time t [A] 

S (t): The internal-surface product except the aperture of the localized corrosion in Time t [mm2] 
M : a metaled mol weight [mg/mol] 

n : electron number F of a reaction in case a metal dissolves : Faraday-constant [96,500 C/mole] i (t): Current density which is 

flowing to the piece of a metal trial [A/mm2] 

A : the surface area of the piece wetted part of a metal trial [mm2] 

Since it is A=B, following the (3) formula is obtained from (1) and (2) formulas, and (3) ' formulas are obtained from (3) 

formulas. 

[0014] 

[Equation 2] 

v (t) p = S It) XM ft 
1 n x F Jo 



V !t) = ™ (' 1 (t) d t .» (3) 

^ it) o X n X F ' n 



S (t) p X n X F ' o 

[00 1 5] If it assumes that a localized corrosion advances in a similarity configuration, V(t)/S (t) will become the linear function of 
pervasion depth d (t). Then, if it sets with V(t)/S(t) =K-d (t), it will become following the (4) formula. 
[0016] 
[Equation 3] 

d (t) _= -2 _<* i (t) d t - (4) 

[0017] During the predetermined period, a monitoring device is set to an actual drainage system, and current value and maximum 
of the pervasion depth are surveyed in this state. It asks for K by substituting this actual measurement for (4) formulas, and 
calculating it. By (4) formulas which substituted this K value, or the following (5) formulas, the monitoring of the corrosion can 
be carried out using the monitoring device concerned. The speed of advance of a localized corrosion is given with the 
differentiated type of (4) formulas, and is expressed with the following formula. 
[0018] 
[Equation 4] 

d (t) i (t) x M r y i m 

— - — ! — = —[mm/sec] — (5) 

dt KxpxnXF 

[001 9] According to the method of above-mentioned JP,2-3 10452, A, it is supposed that it is possible to presume pitting on real 

time by un-destroying, without stopping operation of a facility. 

[0020] 

[Problem(s) to be Solved by the Invention] However, by the method of JP,2-3 10452,A, since it is what asks for the pitting depth 
directly from the anode current obtained by the monitoring device using a short test tube, for piping from which the heat 
exchanger of various sizes and length differ, the actual pitting depth may differ sharply to the obtained measured value. 
[0021] this invention raises the precision of measured value sharply in the method of above-mentioned JP,2-3 10452,A, and it 
aims at offering the pitting depth calculation method which can compute the actual pitting depth correctly. 
[0022] 

[Means for Solving the Problem] The reservoir which the pitting depth calculation method of this invention is the method of 
computing the heat exchanger which touches a drainage system medium, or the pitting depth of piping, and is open for free 
passage through this drainage system medium and a stoma, It has the aforementioned metal member and the piece of a metal of 
this quality of the material which were prepared so that the liquid in this reservoir might be touched. A monitoring device with a 
larger area of the field which touches the liquid in the aforementioned reservoir of this piece of a metal than the effective-area 
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product of the aforementioned stoma is used. In the pitting depth calculation method of a member the metal by measuring the 
current which this piece of a metal and the aforementioned metal member are contacted electrically, and flows among both -- It is 
characterized by asking for this heat exchanger or the pitting depth of piping by forming two or more aforementioned monitoring 
devices in a heat exchanger or piping, and carrying out extremal-value statistics processing of the current value of each 
monitoring device. 

[0023] That is, this invention raises the precision of measured value sharply by using the specific analysis technique for data 

analysis in the measuring method of the pitting depth of JP,2-3 1 0452, A. 

[0024] 

[Function] The range of current changes with the conductivity of the water to pass, the polarization resistance of a monitor (piece 
32 of a metal), and a counter electrode tube (metal member 30), tube diameters, etc. in a localized-corrosion monitor as shown in 
drawing 2 . For example, current range is about 1 to 13 times of a tube diameter in the usual cooling water system. 
[0025] Now, a pitting configuration is made into a semi-sphere (radius r), and when pitting advances in the shape of a concentric 
circle, the radius r is equivalent to the maximum pitting depth of the section a localized-corrosion monitor's current range. 
[0026] For this reason, the value of r which can be found from the anode amperometry value between two or more 
localized-corrosion monitors and a counter electrode tube shows statistical variation. 

[0027] Therefore, presumed precision improves sharply by calculating the heat exchanger for presumption, and the extremal 
value of the pitting depth of piping using the technique of extremal-value statistics, and presuming the heat exchanger concerned 
or the maximum pitting depth of piping from the value of r for which two or more localized-corrosion monitors ask. 
[0028] In addition, the sample size used for extremal-value statistics is taken equally to a localized-corrosion monitor's current 
range, and computes a recursive period. 

[0029] In addition, extremal-value statistics are the statistical technique which predicts the phenomenon of a bigger system than 
real piping's etc. based on the variation in two or more data obtained about phenomena, such as pitting which appeared in minute 
portions, such as a test piece. 

[0030] In the case of this invention, it is specifically **** about the following procedure. 

(1) Measure the maximum pitting depth about n of a sample (length am) (2 XI , X Xn). 

(2) Measure or investigate a system heat exchanger or the length (bm) of piping. 

(3) Ask for the maximum pitting depth (extremal value : Xmax) it is expected in [ all ] measuring object area that existence is by 
carrying out probability statistics processing of the data. 

Xmax = lambda+alpha In (b/a) 

Lambda=sigma al XI, alpha=sigma bl XI (here, al and bl are coefficients given in a MVLUE coefficient table.) 
[0031] 

[Example] An example is given to below and this invention is concretely explained to it. 

[0032] It examined using the testing device shown in example 1 drawing 1 . In drawing 1 , 10 is an examination tank (1 00 liter 
**), 1 2 is a distilled water tank (200 liter **), and the examination water in a distilled water tank 1 2 is fed by the examination 
tank 10 through the piping 14 equipped with pump 14A. 16 is the overflow pipe of the examination tank 10. 
[0033] 1, 2, and 3 were sample tubes, they prepared Joint 1 A, IB, and 2A, 2B, and 3A and 3B in both ends, respectively, and 
they connected them in series for piping 1 8 and piping 20, 22, and 24 equipped with pump 1 8A, bulb 1 8B, and flowmeter 1 8C so 
that the examination water in the examination tank 10 might circulate. The localized-corrosion monitor was formed in joint IB of 
a downstream, 2B, and 3B among the reservoirs prepared in each sample tubes 1, 2, and 3, respectively. Each localized-corrosion 
monitor is considered as the composition shown in drawing 2 . Namely, the sensor sections 1 a, 2a, and 3 a which consist of a piece 
of a metal respectively prepared in joint IB, 2B, and 3B so that the polar zone might serve as facing up, It mainly consists of lead 
wire lb, 2b, and 3b which connects these sensor sections la, 2a, and 3a and the sample tubes 1, 2, and 3, and ammeters lc, 2c, 
and 3c formed in each lead wire lb, 2b, and 3b. ** is given to the measurement data of the 1st monitoring device formed in below 
at the sample tube 1 , ** is given to the measurement data of the 2nd monitoring device formed in the sample tube 2, and ** is 
given to the measurement data of the 3rd monitoring device formed in the sample tube 3. 

[0034] In addition, each sample tubes 1, 2, and 3 were the things with a length of lm, an outer diameter [ of 1 9mm ], and a 
thickness of 2mm made from STB-35, after they carried out degreasing processing with toluene beforehand, by using sodium 
hexametaphosphate as a total phosphorus acid, let flow the anticorrosives which use 100 mg/1 and zinc salt as zinc, and contain 
them 20 mg/1 for 24 hours, and gave the foundation treatment, respectively. 

[0035] Moreover, examination water is synthetic water which comes to blend 1. with the water of the following water quality inmg 
[ 7 / f\ by using the 1 -hydroxy ethylidene -1 and 1-diphosphonic acid as a total phosphorus acid. 

Examination water water quality M alkalinity =150 mg-CaC03/l calcium hardness =250 mg-CaC03/l magnesium hardness = 
100 mg-MgC03 / lSi02 100 mg/1 Concentration = by such testing device It adjusts so that the rate of flow in the sample tubes 1 
and 2 and 3 may serve as 0.3 m/sec by flowmeter 18C. by pump 18A The examination water in the examination tank 10 (water 
temperature of 30 degrees C) was circulated through piping 1 8, the sample tube 1 , piping 20, the sample tube 2, piping 22, the 
sample tube 3, and piping 24. In addition, from the distilled water tank 12, make up water (examination water and this water 
quality) was supplied to the examination tank 10 from piping 14 by pump 14A so that the residence time might turn into 120 
hours. The examination tank 10 was made into the structure overflowed from an overflow pipe 16 when make up water entered. 
[0036] Thus, the anode current which flows each localized-corrosion monitor's lead wire lb, 2b, and 3b was measured over 60 
days with Ammeters lc, 2c, and 3c, respectively. A measurement result is shown in drawing 3 . 
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[0037] Moreover, the pitting depth estimate which substituted and asked the pitting model formula for the anode amperometry 
value according to the method of aforementioned JP,2-3 10452, A from the above-mentioned measurement result is shown in 
drawing 4 . 

[0038] The maximum pitting depth was computed by on the other hand carrying out the extremal-value statistics of the estimate 
of the pitting depth obtained from each monitor. Extremal-value statistics were calculated using commercial software (Japan 
Society of Corrosion Engineering editorial supervision "EVAN"). The amount presumption of the maximum pervasion-Gumbel 
probability-paper plot at this time is as being shown in drawing 5 . 
[0039] In addition, each set point is shown below. 

y: Double index maximum distribution normalization variable F (y) : accumulation probability =e (-e (-y)) 
T: presumed distribution straight-line y=(X-lambda)/alphalambda=0. 17699alpha=0.0921 8, consequently the recursive period T= 
30 of the amount of the maximum pitting in recursive period Ll : 1 sample -- the amount mode point value of the system 
presumption maximum pervasion -- the value of Xmax=0. 48896mm was acquired 

[0040] This value was plotted to drawing 4 with the actual measurement (0.40mm) of the maximum pitting depth. Moreover, the 
comparison result of each value is shown in Table 1 . 
0041] 
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[0042] The following thing is clear from the above result. That is, by the method of JP,2-3 10452, A, the estimate of the pitting 
depth has 0,135-0.309mm and large variation, and has -66.3-22.8% (an average of -56.1%) and gross errors to the actual 
measurement of 0.40mm of the maximum pitting depth. 

[0043] On the other hand, the estimate obtained by carrying out extremal- value statistics processing of the estimate of the pitting 
depth calculated from a localized-corrosion monitor's [ two or more (this example three pieces) ] anode amperometry value 
according to this invention method is 0.489mm, and was able to be presumed with +22.3% of small error to the actual 
measurement of 0.40mm. 
[0044] 

[Effect of the Invention] It is supposed that it is possible to presume the pitting depth by this heat exchanger or the localized 
corrosion of piping with a sufficient precision by un-destroying without stopping operation of a heat exchanger or piping, and 
water flow according to the pitting depth calculation method of this invention as explained in full detail above. 
[0045] According to the method of this invention, since the advance situation of pitting can be presumed easily [ in real time 
correctly on stream [ the facility concerned ] by computing the pitting depth correctly, the input of a ** proper medicine is 
controlled, and advance of a localized corrosion can be suppressed. 

** Presumption of life expectancy is attained from the advance situation of a localized corrosion. 
** The inspection at the time of shutdown becomes unnecessary. 

** Penetration / disclosure accident by the localized corrosion can be beforehand prevented now. 
the effect of ** does so — having -- various plant safeties, stable operation, and metal equipment - it is supposed that it is 
possible to aim at extension of the life of a member 
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1 StfBSHS£Effifc LT 2 Omg/ 1 ^tfW^J^ 2 
4l^jil*LT£&«UIg:*fiLfc. 
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[ 0 0 3 5 ] 5t®WcJiTE*S^*fc:. 1 -t H 

s^xf - 'jfy-i. i - s/**** yg?££ y y&fc 

St®***® 

M7/k$yg=15 0mg • CaCOs /l 
^y»>A11S=2 5 0mg • CaCOs /l 
*W*>"?A«K= 1 OOmg - MgCOs /\ 
SiOa ?§jg=l 0 0mg/l 

71, 2. 3l*Jtf)«&#0. 3m/secfc^:SJ:dt 

i«i/c» ,-Kvri8At:«to. ioswc<iiort<ois« 

*(*S3 0r) £E@18. Kfltf-*-:/l. I«g2 
0. BB*-*-72. K»2 2, Kfi*jL-:/3IUfle 
*2 4fceT««$1iTfc. 44*. SBStWf 1 Ofctt. « 

&*?y? 1 2&e>. ffla&* (asbKfcH*©) 

nm&H 2 OBSfafc&S «fc dfctfyr 1 4 A-CKgl 4 

-7n-fl 6 i03f-^-7o— f&flfiii: Lfc. 
[0036] ClOJ: ? t LX4tmatiet=>*-*>v- 

mib, 2b, 3bSrg£fLSTy-K®S^-?-^-etL 
VaON-lc. 2c. Sc-ceOBSt^OSI^L/i. 

jassjg«^H3tc^-r. 

[0037] ±mm%&%*)^mmffi s ?-2-3 

10 4 5 2^»^(cfi!- 5 T. ry- K«SEM£#ft7L 

-r. 

[0038] &t-*-^#£ii*:?L&aE£?> 

fc. *«KiHi*KV7h (ffftffifttt&&£ r EVA 
Nj ) *Jflwcf|*Lfc. £attaft*ft*Si&-Ga 

[0039] ^rtJ. #^«^T£t^T. 

y : zM%m±mttiffim&m 

F (y) :^i|*=e (-e (-y) ) 

t : wmm 

11 : im**<n&xii$&mffltm& 

y= (X-A)/a 
A=0. 17699 
a=0. 09218 

-e<o«s*. s*i»naT=3o-c. nfiatsa*<t^«fi 

mUMIX u >=0. 4 88 9 6mmi:^dffl3& J #^><l 
fc. 

[0040] fc*:?L^ai§O||SSe(0. 4 

Omm) fc*tB4fcrn-7bLfc. #ffi»lfc(g 

[0041] 
[^1] 



(5) 
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m £ & 












A 1QK 

U.loO 




-0D.0 


* 








-99 a 






0.239 


0.40 


^0.3 






0.228 




-56.1 


* n bs & 


0.489 




22.3 



2-310452 



[0042] JjUK^fed^^Oi ttfWt>frTf>h. 
Wh. 1 0 4 5 2#^*ffif«. 

<0it£tt»i0. 13 5~0. 3 0 9mmfc A^y^atfc 
ft^lL^S^naieo. 4 0mmfc*tLT-6 
6. 3 22. 8%(^-56. 1%) b±Z%m 

[0 04 3] £*l£*ffC. *WH*ttfci!-9T» mi 

m (*sesfe09-cii3HH) omamtet-t-ivrs-Y 

9ft&*L&fld£flI20. 4 8 9mmT'& 
O.UfflfflO. 40mmt#LT+22. 3%<D/h$V* 

[0044] 

[0045] *IMfc>*8jfc: ifltf. ?L:fc£$ £iBgfc 



20 [an nigpi i t&v&wmtw.z^mmmx'h 
s. 

[02 1 u y^*ffi^^nBfffi0T&& . 

[03 ] hjhh i fcfcfts ry- raaawgn***- 

[04 ] nitw i iz&ifimMzvmLmmmmm 

[05] «miHmErn ? h z^-tr? yx-$>& . 

[8r*f«>SlfP§] 
1. 2, 3 iCftf-A-r 
30 IB, 2B, 3B y'a-fyh 
la, 2a, 3a -b>^^ 
lb, 2b, 3b U-Klft 
lc, 2c, 3c HSOH- 
10 M^*Jf 
12 ffl&*?>? 
14 A, 18A iJf^T 
18C SLtfh 



(6) 



#m z 5-142 14 



[01] 




»*?LftK£ Chun) 



